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ABSTRACT

This report deals with the design of a Foa Energy
Separator for use in a supersonic aircraft, the LTV F-8U
Crusader. Calculations are carried out to obtain a range of
exit nozzle area ratios compatible with a variety of operating
conditions, The effects of variations of the peripheral rotor
velocity and discharge pressures on both the hot and cold
outputs are analyzed. The potential merit of using a heat
exchanger in conjunction with the separator, or of using ram
alr rather than bleed air, is also discussed.

Area ratios between 0.30 and 0.50 are found to be suitable
for all cases. However, in the maximum speed cases the direct
use of bleed air does not lead to acceptably low temperatures.
The use of a heat exchanger improves performance considerably,

as does the use of ram air, although not gquite as effectively.




NOMENCLATURE

P = fluid particle velocity in P
n° = gpecific stagnation enthalpy in Fl
m = mass flow rate

. p = static pressure

. po = gtagnation pressure in Fy
R = universal gas constant
T = gtatic temperature
T° = stagnation temperalure in Fu
u = particle velocity in Fy
u' = prerotation velocity
\Y% = peripheral rotor velocity

a.b/(xa = ratio oS total nozzle exit area on the hot side to
total nozzle exit area on the cold side

Y = ratio of specific heats
8 = cosf® (negative on c¢old side)
’ n = nozzie efficiency
. .
. 0 = angle (V,-c¢)
K = cooling,capaciﬁy coefficient
C 7! = mass flow ratioc
.p = density

ii




Subscrigts

a = cold side

b = hot side

d = discharge condition

i = enerygy separator inlet flow

o = conditions resulting from isentropic discharge from
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INTRODUCTION

Fluid dyhamic energy separation is a process in which
an ini;ially homogenecus stream of a fluid is separated into
two streams. at different energy levels. In the Foa Energy
Separator this process is cryptosteady, thereby combining
the advantages of analytical simplicity in the frame of
reference Fg in which the flow field is stationary with the

performance advantages of nonsteady flow in the reference

frame of application, Fu. A detailed explanation of the prin-

ciple of the Foa Energy Separator is presented in Reference |
(1) and will not be repéated here.

This report deals, instead, with thelparfarmancc of the -

‘Foa Energy Separator in a specific application to supersonic.
aircraft, The datarfor the P-éuiaircréft was selected for
performance calculations. This_airctaft was‘manafactured by
the LTV Agrospace’Corporation and isvé refiﬁed'version'of the

LIV Crusader. Masimum level flight Mach numbor is nearly 2. -




ANALYSIS

Data presented in Hamilton Standard Repoxrt 1034 (12/10/53)
provide bleed air temperatures and pressures for the F-8U air-
craft at various altitudes and operating modes. The informa-~
tion is presented below and will henceforth be relorrsd Lo by
case number. |

I. E:SU Alrcraft Data

BLEED STANDARD ATMOS.

ALTITUDE STAGNATION STAGNATION STATIC STATIC
CASE {FT) OPERATING MODE PRESS, (PSI) TEMP. (°R) PRESS(PSI) TEMP, {
)] 0 Max.spoed/Ivl, 371 IZ7% 14,7 518.7
2 0 Loiter 48.6 710 1407 538.7
3 0 Idle letdown 23.9 555 14,7 518.7
4 10,000 Max.speed/lvl. 181.9 1279 10.11 483.0

wings press. ' _ '

5 10,000 Max.speed/lvl. - 183.2 12719 10,12~ 483.0
6 10,000 Loiter 45.7 750 10.X1  483.¢
7 10,000 Idle letdown: 19,46 585 - 10411 483,0
8 23,000 NMax.speed/flvi, 140107 1230 5.9% . 4136.7
8 25,000 1Jdle letdown 15.8 615 o 5.45 0 429,45
10 35,000 Max.speed/livi. 124.0 - 1250 3.46 -  1393.9

wings press, : = S .

1l 35,000 Max.speed/ivl. 124.5 - 1250 E 3.4% 393,49
12 35,000 Loiter 31,6 755 3.46 393,90
13 33,000 1Idle lotdown 15.9 650 3.46 391.9
14 45,000 Cruise : 33.7 - 985 2,14 - 399.0
15 51,500 Loiter 25.3 885 1.57 390.0
i6 57,800 Max.speed/flvl., -~ 12,2 1040 .17 -390.¢0

17 57,500 1Idle letdown . 17.3. 80O - 1.17 - 390.0

The eguations governing the performance of the Foa Enerqy
Separator are presentad below. Derivations may be found in
References (1) and (2).

The fluid particle velocity resuliing from an isentropic -

discharge is found on both hot and cold sides as:

u, = /20201 (py spD) YY) (1)

2
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The total enthalpy change is given on both sides as:

2
u

hg - by = v2{- %'+ 1+ é[n(;% +1 - 23 "11/2) (2)

and thus the temperature increment on each side is

(o} 2 u' u2 1/2
e~ T ey Tt 1+s[n(_§+1-2ﬂ)] bo (3)

2 2
v u! u u!
©O_ a0 _ _a a _ 4 _ oa L o_a y11/2

T) - T, = r55% {V' 1 -6 In, (;§~ 1 25 )] }.

By definition the mass flow ratio is.
R WV REN SN VICNG IR | (4)

alsc-th@,coolinghcapacify coefficient is

€ = i (h9-h0) /i v2 - s

i a’ M e ’

-The above equatiods'apply to both the internal and
external saparition cbnfigurations of the Foa Energv Separator.
as.this report7deals with the design of an internal sapara-

V'ticn devmce, where the governing design pdrametcr is the
nozzle arga ratio o /a , the fgllowing relations become
‘essential [Ref. 2}:

On both sides the fluid particle velocity ¢, in F,, and the

density p, can be found as;

C = /n(VE-Qu'V+u;3A 7 _ ' 6)




and o
i Yy=-1/% 2 \
1-n(1-(pg/p3) 1+ (1-n)—§3 (1-28)
2h;
1

(7)

©
il
©

p? can be determined by the perfect gas lav as
O _ .0,,n0
pi - Pi/RTl

and the mass flow ratio u, ran be muve conveniently written
as
ué+ca6~v
VSIS - : - {8)
b b : ,

where ¢ is found from Equation (6).
Finally, the nozzle area raﬁio a /o, , is

o fa_ = ufﬂ:i~ - : - 2

b’ "a ch N 7 - -
Qhare c, 9; and u arevfound from Equatioas (6),7(7) and
(8) respectively. - |

For desiqn’c&lculatioms the following was assumed in .
this analysis: nazzle efEician§1es.on the cold side of 0.90
(n,=0.90) and on the hot side of 0.80 (n =0.80) and nozzle
“inclinations of 18° (8=cosd«, =-8 =0.95}. Prerotation |
velocities on the hot and cold sides were assumed to be zero
{u=up=0.0) and it wa. Further assumed that the rotor peri~ |
pheral velocities on the hot and cold sides were egual |
(vamvb=V)-

Tau lulallion. between rotor peripheral velocity, nozzle.
area ratio and stagnation temperature drop on the cold side

4




are illustrated by the group of graphs labelled "A" in the
appendix. The graphs represent sea level conditions (Cases
1, 2 and 3) and were constructed using Equations (9) and (3).
For each case, one graph gives the nozzle area ratio required
to produce a given peripheral velocity and the other gives
-the staqﬁation temperature drop obhtained at that velocity.
It was assumed for-those calculations that the discharge
préssures on the hot and cold side were equal to the standard .
atimospheric pressure. Due to structural limitations, the
>maximum peripheral vclocity considered was 1,000 feet per
second. |

It can be Saen'fram'Case 3 (Grapﬁ A3b) that the tenpera-
ture drop is not necessarily a maximum when the rotor peri-
pheral valocitf ig. This can be,&erivad as follows:

From Equation4(3),'ahd for the stéted conditions;

2

v . V .~ "3

M .) & - 3
av*+v4)1{

[ R X

arg is maximuwm for

O _
d{AT) oy

_ < . v R -3, .2 . 3 2 4,172
i Y505 * (.15%10 )(uaav+2v )/(uoav +V7}

= 0

i.8., for

Vo 0‘8067u°a

This rvesult shows that, for maximum cooling, the rotor
‘speed may have to vary from case to case. This can be

5
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accomplished in any one of three wayé. First, as can be seen
from the graphs in Appendix "A" (Ala, AZa, A3a), the velo-
city can be varied by altering the area vatio, maintaining
atmospheric discharge pressures., However, 1t would be im-

practicable to vary the nozzle area ratio once set.

On the other hand, with a given area ratio, the velocity
will vary automatically from case to case due to changes in
inlet and exit pressures, as specified in Table I. This | B A»E
fails, however, to provide an area ratio suitable for all : §
cases. For instance, an area ratio of 0.50 would produce a '
very low peripheval velocity in Case73,'buf would produce a
velocity in excess of the 1000 fps limit in Case 1. In fact,
there is no area ratio compatible with both cases.  Thus,
this method is also inadeguave for design purp#&ﬂs‘ The

thixd possibility is tho variation of either tha hot o+ s.id.
side dischavge ﬁ:essure.

The effect of the variation of the discharge pressure
on the cold side was the first possibility considered,. Graphs'
D" of the éppﬁndix illu&trate'thé effect of the vari.tion
of the cold side discharge pressurs on both the nozzle area
ratio required fur a given peripheval vélccity and the celd
output temperature drop. It was assumed foy these calcula-

tiens that the hot side discharge pressure was atmospheric,

As previously, all seventeen cases were analyszed, but sin~e

AT

the first three cases were found to be representative, they
are the only ones preseanted here, It can be seen {rom these

6
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graphs that a range of compatible_aréa ratios does exist.

It is iateresting to note that with any given area ratio,

the same rotor speed can be achieved, everything else being
equal, with t.» different discharge pressures on the cold
side. These correspond to supersonic and subsonic discharge.
All discharge pressures lower than that corresponding to the
minimum area ratiov w.-ainable imply supersonic discharge;
higher pressures, subsonic. It can be seen from the graphs
for cold discharge pressure vs. cold temperature drop of
section "D" of the appendix that it is advantageous to use

a supersonic discharge. For instance, in Case 1 with rotor
peripheral velocity equal to 800 fps (Graphs Dlal, lel), and
an area ratio of 0.50, the supersonic discharge corresponding

to a discharge pressure of 8.5 psi produces a temperature

drcp of 268° R, while the subsonic discharge corresponding

to a discharge pressure of 137 psi, produces a temperature

PR

drep of only 70° R. The effect of varyihg the cold discharge
pressure -on the mass flow ratio and the cooling capacity co-

efficient are displayed in section "E" of the appendix. It

'iis seen that lowering the cold side discharge pressure increases
beth.théimass flow ratio and the cooling capacity coefficient.

The .cffect next considered was that of the varistion of

St

"”ﬁhéihot side discharge pressure. Graphs "B" of the appendix

77i1iu§traté the manner in wni:h the required nozzle area ratio
Qgries with the hot side discharge pressure for a given rotor
-velocity.' As in the case of the cold wide discharge pressure

7

Bl BB L B

LA N, bt i

it

b

B

S

ey

i

b TGS e S e e

1.
i

SRS DAt e

AR
S,

i




variation, two solutions are present here, the lower hot side
discharge pressure corresponding to supersonic discharge;
higher pressure, subsonic, Unlike the case of the cold

side discharge pressure variation, supersonic and subsonic
hot side discharge pressures procduce identical cold side

temperature drcps. This can be seen from Equation (3), where

‘for a given rotor velocity the hot side discharge pressure

has no effect on the cold side temperature drop. It does
however, effect other parameters of importance. Graphs "C"
of the appendix illustrate the relation between the hct side
discharge prgS‘ure and both the mass flow ratio and cooling
capacity coefficient as computed from Equations (4) and (5);
respectively. As can be seen, decreasing the discharge

pressure below atmospheric has the eftfect of decreasing the

mass flow ratio and increasing the cooling capacity coefficient.

A comparison of the cold side temperature drop obtainable
from variation of the hot or cold side discharge pressure |
shows that latter to be more effective. For any given area
ratio and rotor peripheral velocity, there is a distinct
advantage in coantrolling the coid side discharge pressure.
For instance, in Case 1, with a fixed rotor velociﬁy of 1000
fps and atmospheric discharge on the cold side, the cold
side temperature drop remains 284° R regardless of the value
of the hot side discharge pﬁessure. on the other hand, with
atmospheric back pressure on thé hot side, the cold side
temperature drop can reach as high as 360° R (Graph le3)

8




by control of the cold side back pressure.

Controlling the cold side discharge pressure {(this being
more effective than controliing the hot side discharge
pressure), a nozzle area ratio suitavie for all seventeen
cases was sought. Calculations were done as follows: A
rotor peripheral velocity, say 1000 fps, was chosen. Using
Bquations (9) and (3} the nozzle area ratio and the cold side
temperature drop respectively, were calculated for various
.cold side discharge pressures, hot side discharge pressure
b&ing atmospheric. The cold side discharge pressure was
given a lower limit of one-third atmospheric pressure.v This
procedure was repeated for several velocities between 600
fps and 1000.fps, so that an optimal combination of the area
ratio, the cold side discharge pressure and the rotor velo-
city could be obtained., From these calculations an area
ratio could be chosen and the corresponding cold side temper-
ature drop, discharge pressure and fotor velocity were avail~
- able., The fecllowing tables show the results for nozzle
.area rations of 0.30, 0.40, and 0.57. Area ratios below
0.30 or above 0.50 were not compatible with all cases.

It is obvious from these tables that there are several
cases, in particular those which correspond to maximu.a
speed conditions (Cases 1, 4, 8, 10, and 16), whose discharge
temperatures are too high to provide adequate cooling. Two
possibilities were investigated to remedy this situation.

The first possible remndy is directing the pleed air

Y
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II. Performance Calculations Using Bleed Air

ab/aa = 0.30

s S o
Case V(fps) ggg(pSl) Ta( R)

1 1000 5.0 940 +588 1.27
2 800 5.0 - 556 . .503 .961
3 800 6.0 460 . 386 .641
4 ‘1000 3.2 939 .568 1.32
5 same as (4) ' ; -
6 7900 4.0 573 . .455 °,901
7 800 4.5 480 . 365 .684
8 1000 2.0 890 «558 1.31

9 90¢C 4,0 508 . 310 .606
1o 1000 1.1 894 .567 1.36
11 same as (18}
12 1000 1.7 550 .418  ,86R .
13 1000 2.5 510 . 672 . 643
1. ~ 1000 0.8 197 503 1,11
15 1000 0.6 627  .480 1,04
16 1000 0.4 747 .519 1,16
17 1000 .5

. 566 . 452 967
ab/aa = 0.40

. o
(ﬂ
 Case V(fps) Egg(p51) E& )

1 11000 . 7,5 960 .528 1,23
2 600 5.0 530 640 1,32
3 600 +,0 - 559 .628 . 995
4 1000 5.0 951 +541 1,28
5  same as (4)

6 700 . 5.0 603 .541 1,16
7 600 - 3.5 £)8 <545 1,02
8 1000 3.0 902 «538 1.28

.9 .. 600 2.5 509 557 1,13
10 1000 1.7 905 549 1,34
11 same as (10}

12 1000 3.0 572 374 .801
13 7200 2.0 522 .492 1,05
14 - 1000 1.3 7123 .474 1.067
15 1000 1,0 643 451 1.00
16 -1000 0.7 767 .487 1,11
17 1000 0.9 583 +415 «919

10
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II. Performance Calculations Using Bleed Air (Continued)

ab/c:.a = 0.50

, 0,,
Case V{ips) pda(pSl) Ta( R) u K .
1 1000 11.5 979 .501 1.19
2 600 14.7 618 .451 1,05
3 500 4.5 472 .713 1.67
4 1000 7.5 967 .511 1.24
5 same as (4) : _
6 600 6.5 625 .519 1,36
7 - 500 4.0 500 - .663 1,21
8 1000 4.5 915 .515 1.24
9 500 3.0 526 .610 1,33
10. 1000 2.5 920 .531 1.31
11 same as (10)
12 800 4.0 592 .386 .87
13 600 2.8 543 511 1,19
14 1000 2.0 739 .445 1.02
15 1000 1.6 660 .419 .95
16 1000 1.0 779 .463 1,07
17 1000 1.3 598 .389 .87
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threugh a heat exchanger before entering the energy separator.
For simplicity, a heat exchanger effectiveness of 1.0 was
chosen: thus, the outlet temperature of the bleed air would
be equal to the stagnation atmospheric temperature relative
to the aircraft (this stagnation teméerature is found as

y-1 2

7° (1+ 5= Mo 8u) ). Calculations were done using

ATM= ATM
standard atmospheric data and a maximum speed performance of
Mach 2. The results of these calculations are displayed in
the tables below for nozzle area ratios of 0.30, 0.40 and

0.500

III. Performance Using Bleed Air With Heat Exchanger -
U.b/aa = 0,30

| 0,6 . O ox :
Case V(fps) Ti( R} pda‘pSi) Ta(oR) u K

1 1000 934 5.7 673 .487  1.06
"4 1000 869 4.5 - 613  .470 1.03
8 1000 787 2
160 10000 709 1
1§ 1000. 702 0

5

5 543  .459 1,00

5 - 476 - 444 .97

6 487 - .418 .85

ab/a 5='6;40-'
| L "m°-<°n'>‘ p I
- case V(fps) i da'P a. ' _u K
1 . 1000 934 9,5 . 630  ,455 1,01 .-
4 1000 869 - 6.5 - 628 . .450 . 1.00 -
-8 10000 - 787 - 4,0 . 555 .43 .91 -

-16- 1000 702




III. Performance Using Bleed Air With Heat Exchanger (Cont.)

ab/oza = 0.50
o . o
Case V(fps) Ti(OR) pda(pSl) Ta(OR) u K
1 1000 934 14.7 707 422 .96
4 1000 869 9.9 642 .423 .96
8 1000 787 5.9 566 415 .93
10 1000 709 3.4 494  .409 .92
16 1000 702 1.5 520 .363 .80

It is easily seen that the heat exchanger provides
significantly increased performance. It also allows the use
of slightly higher discharge pressurés which.would be more
easily obtainable than those required by the direct use of
bleed air. - |

The possmbility of using ram air rather than bleed axr
- was also considered. Again,-assumptions were a maximum :

' flxght Mach number of 2 and standard atmcspheric conditions.' |
| The atmospheric stagnation prassure and temperature relatmve
to the aircraft ‘are given by . o |

- fﬁp = Pamm‘l ¥ ~3l Mg;&u>Y"l/Y,-
and:-_A | |

R T “ -1 .2
To ® Amm(l + S Mp_gy!

AFor calculation purposes a Kantrowitz-Donaldson. air Lntake de~

signed for a froe stream Mach number of 2 was assumed. At o

" Mach 2 the corresponding.stagnation pzessuxe ratio is abp:o;é'

”*_imately 0.85 (p1/p°=0 .85). VSLneérché flow éan,besassumee to
v' be adiabatic and isoenergctxc, ° ’Ti‘ The calcuiatiﬂn pro-

13
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cedure used was similar to that for bleed air, the results

are displayed below.

IV. Performance Using Ram Air

ab/aa = 0.30

A o o |
case Vi(fps) Til'R) Pgpfpsi) T (°R)

e NN B A5t b K G 4minn CEAB AR S T SRR it f s hoalls oy e 47
. . A . : ) o : . e d s e
. L. ‘ ) ‘ X .

1 1000 934 6.0 699  .466 .96 -
4 1000 - 869 4.4 649 . 446 <92 S e
8 1000 787 ‘2.9 586 . .416 .85
10 1000 ‘709 1.9 - 529 "+ 3835 +18 . i
16 1000 - 702 0.6 520 - .388 .79 . g
:_db/u = 0.40
. L p 0 S
Case V(ﬁps) i( R) pda(psi) - a‘QR)if u'.'l‘“x'_ .
1 1000 934 T 1.4 7@ 407 .88 Sy
4 1000 B86% . 8,7 - 680  .383 .82 .- - ... i
8 10000 787 6.0 . 6200 .7 .74 L
102000 709 4.4 568,301 .65
16 oo 02 00 1.6 0566 ,_,,2&1:(_.63-««-
These f;gures show that whxle the cold s;de output tempera»fiwvf
* tures nsing ram air are siqnifxcantly lower than - those ‘
fcorresponﬂing to the direct use of bleed air (Table II), |
*f,they are slightly highar than those cbtaxned using the bleed
"ﬂfaix-heat exchanger combinatxun (”able 1y ). ,ﬂ,.i-f, '_
The usa of a heat’ exchanger or ram air is highly advxsahle Q«-fi .
_ 4£or aircraft thh perfo*mance similar to that of tha F-Su | B
'_(Nach 2). ﬂowever, as the Mach number is increased the per- f
_formance of the heat exchanger is dacreased as. the stagnat;én
14 o |
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temperature rises to the level of the bleed temperature.

" For example, in Case 1 the stagnation temperature of atmos-

pheric air (relative to the aircraft) is equal to the bleed

temperature of 1275° R at Mach 2.7. Thus at Mach 2.7 the

~ heat exchanger would serve no advantage as no héat,could
be extracted'from_;he bleed-air,j-similarly,ﬁthe temperature

of the rém'air.onld-ééﬁalithat of the bleed air an@'ﬁéﬁidéi“f'

h@ﬁe'the'added disadvantage of a low inlet pressure.

15
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CONCLUSIONS

The choice of one particular nozzle area ratio is
difficuit, if not impossible, to-makg without fﬁrthgr in-
* formation regarding the specific requireménis of performance.
_For'any givén-case and‘rotor-peripheralzvelacity, idﬁér area
- ratios provide lewer outgut temperaturcs, howaver, they re-
-quire qreater reductxons of the cold side dxscharge pressure :
_than do the larger area ratios.4 Also, smaller area ratios
o reduce the mass flow on the cold: side.“f B 4--
| The direﬂt use of bleed air as energy separator input -

:'produces adequata cooling in mast cases. but n@t at maxxmnm

f‘thae siqnificantly lower output *cmpcratures can be raali ed f  |

F'the bleed ait~haat etchanger eombination (Table z:x) exh;bits

"_.slxghtly lower output temsaratnres than thasé of ram air. _*j

‘7QJ uawever, eliminaticn of the bulky héat exchanger wnuld proba» r
'.bly more than compensate for the slightly hxd&er temperatures ;'
';.'ub*ained using ram air. Cases 1 and 3 still exhibic tempera~

i:euras hiqher than,deeized, eVen when utilizxng ram air cr a
f huat exchanger.- Anionyg the alternatxve solu*ions that 2&&8&& |
" to be investiqated are ‘the following: {a) lower ptessure blaed
Afoff. (b). staging. (&} looplng and (d) prerotatxon.i R -
| Utilizxng the blead off from ‘an intermediate, rather |
than thaAsigal. stage of the engine would provide. a lower,
16

'7  using ram a;r rather than hlecd axr direct;y.» Gn tha other hand, 4{1]7

V"~,.aircra£t spaed., A comparzscn of Table Iv with Table I shousff.iJ:'




"ff‘temperature, would be relatively small.( The potential marit '

- ':{52}3:Poa, J, .;"Perfotmance of the Cryptostéaﬁy Flow - Enarqy o

oA TR v e 5 +u ~otras e S Y IR RN IAATORA B Gt a a

pressure and lower temperature energy separator input. A

. compromise would have to be made bethen the loss in perform-
'ance due to theilower pressure input and the advéntage of

.tﬁe lbwer'témperéture input, The simplest staging coufigura-
tion would use the cold output of a firét'energy Separator'

as the input to a second, The third and most attractive
alternative iS«iéoping._ one poss;ble looping configuratlon
fwould be to use the air leaving the cooled chamber to cool

«the energy separator input (ram or bleed axr). As the air -
“l;eaving.thg chambgr-xs_still.ralatlvely c@o;, thelheaé ex- }Lr

"chahéer'réauifed'to sigﬁificantiy low&t the éepaiatof ihput

B  6£ prarotatxon has been dxscusseé in Refsxence (21;

. REFERENCES = =

‘f_i;g,fdi; 3. V., Eﬂergy Separatot,' Renssalaer ﬁolytechnac
T-]AInstitute T%ch, Rcbort. TR AE 6401, January 1964. s

. 'Separator,™ The George Washxngton Uaiv&rsity %eport. _
:;rrn~ss~7:2. July 1972. o
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~ APPENDIX SECTION A: BASIC PERFORMANCE CALCULATIONS

i -z.asos 1 2 and 3

'iozzle Area Ratio Vs Peripharal Rotor Velocity :

a Velocxty

C'old Side 'rempetature Difference V5. Peripheral Rotor S
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~ Ccases 1, 2 and 3 (Vaeao. 900 and 1000 fps‘_
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.APPENDIX SECTION E: EFFECT OF VARIATION OF P3a ON u AND k

Case 1 (v=800, 1000 £fps)
Mass Flow Ratio vs. Cold Discharge Pressure

Cooling Capacity Coefficient vs. Cold Discharge Pressure
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